Twenty-four Suffolk x Hampshire ram lambs (average 46 kg) were assigned to one of three diets containing rapeseed meal (RM), soybean meal (SBM), or whole rapeseedsoybean meal (RSSBM) as the protein source. Diets contained 75% roughage, 14% CP and 2.0 Mcal of ME/kg and lambs were allowed ad libitum access to diets for 35 d. Lipid composition of the longissimus, semimembranosus, and triceps brachii muscles and their corresponding S.C. adipose tissue was determined by gas-liquid chromatography (GLC). The total lipid content in either muscle or subcutaneous fat was not different (P > .01) by diet. In lean tissue, palmitic and palmitoleic acids were higher and stearic acid was lower (P < .01) in rams fed R M than in rams fed RSSBM or SBM, regardless of anatomical location. In the S.C. adipose tissue, the amounts of myristoleic, pentadecylic, and palmitoleic acids were lower and the amount of stearic acid was higher (P < .Ol) in rams fed RSSM than in those fed RM or SBM, regardless of anatomical location. The semimembranosus and triceps brachii muscles from all treatments contained 12 to 19% more polyunsaturated fatty acids (PUFA) than the longissimus muscle. The cholesterol content of the three muscles was highest in SBM-fed lambs, lowest in RM-fed lambs, and intermediate in RSSBM-fed lambs. These results demonstrate that dietary treatments of the types used in the present study elicit changes in fatty acid composition of both adipose and muscle tissue without affecting the quantity of total lipid. Decreased amounts of saturated fatty acids represent a favorable change in regard to current human dietary guidelines but increased cholesterol content does not.
Introduction
North Americans consume about 37% of their calories from fat, far more than the 30% or less recommended by most health experts 'Meat Sci. Res. Lab (NRC, 1988) . Currently, health professionals are recommending diets low in calories, saturated fat (SFA), and cholesterol to reduce the risk of chronic atherosclerosis. Trends indicate a decrease in the consumption of fat from animal sources; the population of the United States has become more diet and health conscious (NRC, 1988) . In the search to offer consumers foods that are lower in fat content, new technologies and production methods seem to hold promise for improving the nutritional attributes of animal products.
Research with lambs has shown that it is possible to decrease the content of SFA in lamb fat by increasing the amount of concen-4055 trate in the diet m l l e r et al., 1967; Kemp et al., 1981) , however, feeding highconcentrate diets to lambs results in carcasses that are fatter than carcasses of lambs fed highroughage diets (Ilian et al., 1986; Solomon et al., 1986 ; Solomon and Lynch, 1988) . St. John et al. (1987) fed whole rapeseed in conjunction with a high energy corn-based diet to steers for 100 d and found that rapeseed lowered palmitic acid (a SFA) in both the lean and adipose tissue. Decreasing SFA in meat products represents a favorable change in regard to current human dietary guidelines. In a previous study (Solomon et al., 1990) , we demonstrated that ram lambs fed a high-roughage diet contain 36% more polyunsaturated fatty acids (PUFA) in their lean tissue than corresponding wether lambs. Therefore, the objective of this experiment was to study the effect of the incorporation of rapeseed meal (RM), whole rapeseed or soybean meal (SBM) into the diet @gh roughage) of rams on lipid composition of muscle and adipose tissue.
Yaterlals and Methods

Animals and Diets. Twenty-four Suffolk x
Hampshire ram lambs (initial weight 46 kg) were assigned to one of three dietary treatment groups. Diets (high roughage) contained either 6.5% RM5, 5.5% SBM, or 6.5% whole rapeseed5 and 3% soybean meal (RSSBM) as the protein source and were formulated to be isonitrogenous and isoenergetic (Table 1) extract from a randomly selected loin sample analyzed in the study.
The solvent in the test tubes was evaporated under a stream of nitrogen that was directed on the surface of the solvent while the tubes were held in a 55°C-water bath. The flow of nitrogen was adjusted to create a slight dimple on the solvent surface. After evaporation to dryness, the fatty acids were saponified with 1.0 ml of .5 N NaOH in methanol under the presence of nitrogen for 15 min in a boiling water bath. After the tubes had cooled, the free fatty acids were esterified with 2 ml of boron trifluoride in methanol (14%) in an atmosphere of nitrogen for 15 min in a boiling water bath. After cooling the tubes, the esters were dissolved in 1 ml of isooctane and 5 ml of saturated aqueous NaCl were added. Each tube was vortexed for 1 min then allowed to stand until the phases separated. The clear isooctane phase was transferred to a 45-mm x 15-mm vial containing anhydrous sodium sulfate to a depth of approximately 1 mm and one layer of molecular sieve type 4A. The vials were vortexed for 1 min and allowed to stand overnight. The isooctane solution was transferred to a 1-ml serum bottle and sealed with a crimp cap lined with teflon.
Analysis of the fatty composition was perfomed by GLC6, using a capillary column. The gas chromatographic technique of Slover and Lanza (1979) was followed to quantify fatty acids resolved on a 30-m SP 2330 Fused Silica capillary column7. Helium served as the carrier and makeup gas.
Cholesterol Analysis. Cholesterol was converted to a trimethylsilyl ether derivative; stigmasterol served as the internal standard.
The test tube containing the fresh total lipid extract was evaporated to dryness as described in the previous section. The resulting lipid residue was saponified by heating with 8 ml of 3% pyrogallol ( M o l ) in absolute ethanol and .5 ml of saturated aqueous KOH in an 80°C-water bath for 8 min; it was vortexed at intervals of 0, 1, 2, and 4 min. The test tubes were cooled in tap water. The unsaponifiable matter was extracted in 20 ml of cyclohexane and mixed briefly. After adding 12 ml of distilled water, the sample was shaken vigorously for 2 min. The organic phase, clarified by centrifuging at low speed for 5 min, was transferred to a second tube and evaporated to dryness. The dry residue was derivatized using 400 pl of bis (trimethylsilyl) trifluoroacetamide containing 1% trimethylchlorosilane along with 400 pl of pyridine (stored over KOH to remove moisture).
Analysis of the cholesterol was performed on a gas chromatograph6 designed to accommodate a packed column. A 1.83-m x 4-mm glass column8 packed with 3% OV-17 on Gas Chrom Q (100/120) was used to resolve the cholesterol and stigmasterol peaks.
Datu Analysis. Data were analyzed by the ANOVA technique (SAS, 1985) to determine the significance of variation among diets.
When significant (P c .05) diet effects were detected, Duncan's multiple range test (SAS, 1985) was employed.
Results and Discussion
Total lipid content, fatty acid profiles, and cholesterol values for the longissimus, semimembranosus, and triceps brachii muscles (lean tissue) by dietary treatment are presented in Table 2 . Total lipid (htramuscular fat) in the lean tissue was not affected (P > .01) by diet. The total lipid content of the longissimus was 4.99%, the semimembranosus 4.16%, and the triceps brachii 5.05%. Rams fed Rh4 had less lean tissue cholesterol (for all three muscles) than lambs fed the SBM diet; RSSBM-fed lambs were intermediate. These dietary treatments resulted in elevated cholesterol levels compared with results from a previous study (Solomon et al., 1990 ) in which we used a similar high-roughage diet. F'reviously, we reported that lean tissue cholesterol was 64.2 mg/100 g for ram lambs fed a highroughage diet. This suggests that RM, whole rapeseed (RS), and especially SBM in the diet may have a hypercholesteremic effect at the muscle tissue level. The lambs used in the present study were from the same genetic pool as those used in our previous study, however, rams in the previous study were 2 mo younger and 18 kg lighter at slaughter. ), however, because it was fed in Combination with SM, we did not detect any difference between RSSBM and SBM. We also must consider that we used a highroughage base for our diets compared with a high-energy base diet in the St. John et al.
(1987) study, in addition to possible species differences. Differences were not significant for the other fatty acids analyzed in the muscles nor were differences significant for total muscle SFA, PUFA, or monounsaturated fatty acids (MUFA) by dietary treatments. St. John et al. (1987) also found no difference in total lean tissue SFA, MUFA, PUFA, however, there was a trend for lowering of total SFA as a result of feeding RS.
Total lipid content, fatty acid profiles, and cholesterol values for the S.C. adipose tissue associated with the longissimus, semimembranosus, and triceps brachii muscles by dietary treatments are presented in Table 3 . Total lipid in the S.C. fat associated with the different anatomical locations was not different (P > .01) by dietary treatment. However, trends were not similar for all three adipose tissue sites. At the longissimus, feeding RSSBM increased S.C. lipid content and feeding SBM tended to lower it. At the semimembranosus, dietary treatment had little influence on total S.C. lipid content. At the triceps brachii, feeding RM tended to lower S.C. lipid content more than feeding RSSBM or SBM.
Dietary treatment had a significant effect on S.C. adipose tissue cholesterol. For the S.C. fat associated with the longissimus, feeding SBM resulted in elevated cholesterol values (89.7 mg/lOO g), whereas feeding RM yielded the lowest cholesterol values (72.6 mg/lOO g); the RSSBM diet had intermediate values (83.4 mg/l00 g). This was the same response we observed for the longissimus lean tissue cholesterol. Lower (P < .01) semimembranosis S.C. fat cholesterol resulted from feeding RM, yet there was no difference when rams were fed RSSBM or SBM. On the other hand, there was no difference in triceps brachii S.C. fat cholesterol content when lambs were fed RM and SBM, however, elevated cholesterol values were observed when lambs were fed RSSBM. The cholesterol reducing effect of feeding RM to lambs is a favorable improvement with regard to current human dietary guidelines.
Significant differences in the percentages of myristoleic, pentadecylic, palmitoleic, and stearic acids were observed for S.C. adipose tissue. The S.C. fat from RSSBM fed lambs had less (P < .01) myristoleic, pentadecylic, and plamitoleic acid than RM-fed lambs; SBM-fed lambs were intermediate. On the contrary, feeding RSSBM resulted in elevated levels of stearic acid in the S.C. fat for all three muscles when compared with either of the other dietary treatments. As much as a 50% increase for the amount of longissimus S.C. fat, a 126% increase for the amount of semimembranosus S.C. fat, and a 115% increase for the amount of triceps brachii S.C. fat was observed compared with the amount of S.C. fat for the RM-fed lambs. Bonanome and Grundy (1988) demonstrated that a diet high in stearic acid did not elevate plasma levels of low density lipoprotein cholesterol in humans, perhaps because it is poorly digested and can be easily desaturated to oleic acid (Keys et al., 1965) . Because stearic acid contributes substantially to the total amount of saturated fatty acids in animal fats, these findings suggest a favorable change in regard to current human dietary guidelines. Whole rapeseed in the study conducted by St. John et al. (1987) lowered palmitic acid and tended to elevate oleic acid but had no effect on stearic acid in the adipose tissue. Rule et al. (1989) compared fatty acid composition of steers fed either SBM, RM, or RS for 94 d. They found that RS lowered pentadecylic. palmitic, and palmitoleic acids and increased stearic, linolenic, and arachidonic acids compared with SBM or RM. We had expected to find similar changes in palmitic acid in adipose tissue based on what ti was observed for the lean tissue. In fact, we anticipated that changes in adipose tissue would be greater than that for lean tissue because in the partitioning of nutrients fatty acids are distributed to S.C. adipose tissue before intramuscular adipose tissue during growth (Berg and Butterfield, 1976) .
Total SFA in the S.C. fat was increased by dietary treatment with the major contributing influence coming from the change in stearic acid concentration as a result of feeding RSSBM. Thompson et al. (1986) fed RS in conjunction with a high energy corn-based diet to steers for 75 d and found that feeding RS in finishing cattle diets was not effective in elevating levels of MUFA in carcass fat. However, in the study by Rule et al. (1989) , feeding RS to cattle significantly altered the nutritional quality of tissue lipids.
lmpllcatlons
A shift in the fatty acid and cholesterol content of lean and subcutaneous adipose tissue from ram lambs was achieved with a high-roughage diet supplemented with rapeseed meal, soybean meal, or rapeseed and soybean meal. Lambs fed rapeseed and soybean meal incorporated substantially more stearic acid in their adipose tissue and for the most part contained less palmitic acid. The shift in fat composition represents a favorable change in regard to current human dietary guidelines and for health conscious consumers but increased cholesterol content does not.
